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anus. 113 The patient died on the following day from diffuse
septic peritonitis, which seems to be the great danger of this
method of procedure. As regards safety, I am inclined to think
,that the order of precedence of these operations will be as
follows&mdash;tncision, incision and amputation, resection and
immediate suture, extrusion and artificial anus without re-
section, and artificial anus preceded by resection. However,
.3,S I have already said, the data are wanting for a final judg-
ment. The relative merits of resection and immediate suture
.and of extrusion and artificial anus require to be carefully
.weighed. Resection with immediate suture is an ideal opera-
- tion. If it succeeds the patient is cured without further

operation. Shock seems to be the chief danger, but with
decreasing knowledge, better appliances and more skilful and ,,

- rapid operating successes will soon have to be recorded.
The history of laparotomy for the reduction of intussus- ’’,

ceptions affords encouragement in this respect. Since Mr. ’,
Lawford Knaggs19 gave a table of eight cases of intussus-
ception cured by laparotomy I have met with records of ’,
- others by Mr. Annandale,2O Mr. Bruce Clarke,21 and Mr. ’,
Carver, although in the latter the symptoms were somewhat
.chronic, and doubtless there are many which have escaped
,my notice.

Time is, as I have already said, the most essential element If
-for success in acute intussusception. Delay ought not to be
occasioned by difficulties in diagnosis. The signs of acute
intussusception are clear and unambiguous and ought not to
be mistaken. They are acute intestinal obstruction, plus the
discharge of blood and mucus from the bowel, plus a tumour.
Blood is passed in half the cases and a tumour is equally
often felt either by the rectum or in the abdomen. 23 By
acute intestinal obstruction is implied the non-passage of
Cseces or of flatus, followed by vomiting. These symptoms
;alone would not point to any particular kind of mechanical
obstruction, but the coexistence of the other two or of one of
them would leave but little doubt that the obstruction was
-due to intussusception.

I have refrained from referring to other symptoms which
systematic writers discourse upon because they are equivocal
And are of subsidiary importance and tend to confusion.

THE PATHOGENESIS OF CHOLERA.
BY T. J. MACLAGAN, M.D.,

PHYSICIAN IN ORDINARY TO THEIR ROYAL HIGHNESSES PRINCE AND
PRINCESS CHRISTIAN OF SCHLESWIG-HOLSTEIN.

THE peculiarity of its symptoms, the absence of resem-
blance to other maladies, the mysterious nature of its progress,
its tremendous mortality and the futility of all treatment have
surrounded cholera with a weird mystery which is all its own.
It has been separated in the minds of pathologists from all
-other maladies and has been considered on special lines. But

.after all it is nothing more than an acute specific disease,
’communicable from the sick to the healthy and apt to prevail
in an epidemic form. It is in this light that its study should
te approached and the more we can bring our views re-
garding it into line with those held regarding other acute
specific communicable maladies the more regular and orthodox
will be our mode of procedure and the more likely shall we
be to solve the problems presented for consideration and
to dissipate the .mystery in which the pathogenesis of cholera
is enshrouded.
The poison of cholera enters the system from without. It

I&Icirc;8 received into the body in small quantity and is given off from
it in large.: it M therefore reproduced in the system. Nothing
in nature is ever reproduced except an organism. The re-
production of the cholera poison in the system is, there-
’fore, distinct and adequate proof that that poison is an
’organism. Dr. Koch believed that he had discovered this

18 Transactions of the Pathological Society, vol. xliii., p. 74.
19 THE LANCET, June 11th, 1887.

20 Edinburgh Monthly Medical Journal, 1889, p. 777. Age three
years ; tumour felt in rectum ; injections failed ; laparotomy on third
day ; reduction quite easy.
21 Reported by Mr. Tunnicliffe in St. Bartholomew’s Hospital Reports,

vol. xxviii., p. 113. The infant was only six months old. Two other
cases are mentioned ; one recurred after injection, the other died after
laparotomy.

22 THE LANCET, April 23rd, 1887.
23 Treves’ Intestinal Obstruction, p. 241.

organism and he has described it as a comma-shaped bacillus,
which, he says, is the cholera poison - the fans et origo
’nUl.li. His observations are full of interest, and they,
as well as the conclusions which he draws from them,
may prove to be correct ; but, after all, have they advanced
our knowledge of the pathogenesis of cholera? 7 Does one
know more now than one did before his observations were
made of the mode of action of the cholera poison and of the
manner in which the diarrhcea, the cramps, the collapse and
all the symptoms of cholera are produced ? No, be Dr. Koch
right or be he wrong, our knowledge on these points stands
just where it did before his observations were made ; and
now, with cholera at our doors in 1893, there exist exactly
the same knowledge, or want of knowledge, of its nature,
course and treatment, and the same knowledge, or want of
knowledge, of the means of guarding against it which we
possessed when last it invaded these shores in 1865. Far be
it from me to detract from Dr. Koch’s merits as an observer.
He is a brilliant and capable one, and has made some very
solid and real additions to one’s knowledge of diseased pro-
cesses ; but it would be a mistake to say that he has advanced
one’s knowledge of the pathogenesis of cholera. It was known,
before his observations were made, that the cholera poison
is an organism which is largely reproduced in the system
and whose morbific action is intimately associated with such
reproduction. When Dr. Koch looked for a specific organism
in cholera stools he looked for what he already knew to be
there. The discovery of the comma bacillus (granting it to
be the cholera poison) is an important addition to our know-
ledge of the natural history of the disease, but it has not
advanced our knowledge of its pathogenesis or increased
our power of dealing with it. The nature of the cholera
poison is known. The important question is, How does
it act ? 1
The reproduction of its poison in the system, the acuteness

of the disease, and its communicability from the sick to the
healthy bring cholera into etiological relationship with the
specific fevers. Something is known about their pathogenesis
and the mode in which their poisons act in the production of
their special and peculiar features. This knowledge may
help in the investigation of what is obscure in the case of
cholera, or may at least point to a course of inquiry which
may tend to dispel some of the mystery which surrounds that
disease. In investigating the pathogenesis of any disease the
first point to be decided is, What are its essential features,
what particular phenomenon or group of phenomena is essen-
tial to and characteristic of it ? 1 The next point is to explain
how they are produced.
The specific fevers have one feature in common, the occur-

rence of fever; but each has in addition some special and
peculiar feature of its own which distinguishes it from all
other fevers-by which it is recognised and without which it
cannot with certainty be said to exist. In small-pox it is the
eruption, in measles the rash and irritation of the mucous
membrane of the respiratory tract, in scarlet fever the rash
and sore throat, and in typhoid fever the intestinal lesion.
The seat of this local lesion is the part on which the
action of the poison is chiefly manifested. This action is

essentially connected with and dependent on the repro-
duction of the poison. It is in the seat of the local lesion
that the vivification and reproduction of the poison are
specially active, and therefore it is that the poison always
exists in greatest abundance in the seat of that lesion. The

small-pox poison is most abundant in the pustules, that of
typhoid fever in the discharges from the bowel lesion, and the
scarlet fever poison in the discharges from the throat and in
the peeling cuticle. Now, is there anything in cholera which
can be regarded as corresponding to the local lesions of the
specific fevers ? 7 Is there any one lesion common to all cases
which can be said to be as characteristic of the action of the
cholera poison as the rash is of the action of the poison of
scarlet fever or as the bowel lesion is of the action of the
poison of typhoid fever ’? It cannot be said that diarrhoea
and rice-water stools are so, for diarrhoea is not a lesion, it is
a symptom caused by something else. It cannot be said that

collapse is so, for here again we are dealing not with a lesion
but with a symptom or group of symptoms, for the cause of
which we are in search. The one lesion peculiar to, cha-
racteristic of and common to all cases of cholera is shedding
of the epithelium. This is the essential and characteristic
feature of cholera, bearing to that disease the same

relation that the rash bears to scarlet fever and that
the intestinal lesion bears to typhoid fever. How is
it brought about It is, of course, the result of the
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action of the cholera poison. This poison is an organism p]
which is largely reproduced in the system and which, during sc

such reproduction, exercises a most destructive action. An C

organism which thus grows in and at the expense of another st
is a parasite. In studying the action of parasites it is found el
that, as a rule, each has its own special habitat or nidus in d:
which it is reproduced and away from which it ceases to el
manifest life and activity ; this one selects the roots of the a

hair of the head, that the roots of the moustache or beard ; n

this grows on mucous membrane, that on skin ; this in muscle, tl
that in liver. Why it is that the parasite which causes ring- el
worm prefers the hairy scalp is not known, but it is known for a tl
fact that it does so; why that which gives rise to sycosis should t(
select the roots of the hair of the upper lip and chin one tl
cannot say, but it is known that it does so. Why the trichina t

spiralis should make its nest in muscle rather than in any ’B’B

other tissue cannot be explained, but it is known that it does ti
so. Why the parasite which gives rise to fluke in the sheep n

should select the liver for its home one cannot say, but it is &Uuml;
known that it does so. What it is in the intestinal glands n

that makes them essential to the active growth and propaga- s,

tion of the poison of typhoid fever is not known, but it is s’
known for a fact that it is so, that the age of liability to 0

typhoid fever is coincident with the period of activity of these g
glands, that inflammation of these glands is the essential C
and characteristic feature of typhoid fever, and that the dis- e

charges which come from them during the course of that a

disease contain the typhoid poison in large quantity. What f
it is in the throat and in the skin that makes these structures n

specially suitable for the growth and action of the poison of c

scarlet fever is not known, but it is known that it is on these d
structures that its action is chiefly manifested and that it is in d
the throat discharges and in the peeling cuticle that the poison a

is specially abundant. What it is in the epithelium of the human t
intestine which makes it a suitable nidus for the growth and v
propagation of the cholera poison is not known, but it is known r

that destructive shedding of that epithelium is essentially r

- associated with the action of the cholera poison and is as B

characteristic of its action as the rash is of the action of the a

poison of scarlet fever, and that that poison is most abundantly a

contained in the intestinal discharges. On this view that the E

epithelial lining of the human intestine is the nidus of the c

cholera poison and contains what is essential for the vivifica- E
tion and reproduction of that poison, the essential and (

characteristic feature of that disease, shedding of the i

epithelium, can be explained. At the same time cholera is 1

brought pathologically into line with other acute specific <

communicable diseases. On this view of the nature of its 1

special lesion one can also explain many of the phenomena i
noted in connexion with the disease. :

Firstly as to its mode of propagation. In the natural history I
of cholera there is no fact better established than that the

disease is essentially associated with defective sanitary
arrangements, and that of all such dangers the greatest is I
the impregnation of drinking-water with sewage impurities.
Intestinal epithelium is constantly being shed and consti-
tutes a considerable part of the natural discharges from the
bowel. Wherever there is the possibility of the existence of
sewage impurities there exists also the coincident possibility
of the presence of intestinal epithelium or of the products
of its disintegration. Water or soil tainted with sewage
impurities necessarily contains ingredients derived from
intestinal epithelium, which may there afford to the cholera
poison-though, of course, in a minor degiee-facilities for
its growth and propagation similar to those afforded by the
epithelial lining of the bowel. It is easy to see how this
would explain some of the most important facts noted in
connexion with the spread of cholera and its essential asso-
ciation with sewage impurities. Anything which contains
intestinal epithelium, or into which some epithelium or the
products of its disintegration may gain entrance, is a suitable
nidus for the cholera poison. The richest field is the human
intestine, because there exist there in perfection all the

requisites for the rapid propagation of the poison-abundance
of intestinal epithelium, moisture and a suitable temperature.
But it is not the only field; for water or soil impregnated
with sewage impurities also presents the conditions requisite to
the vivification and reproduction of the cholera poison, not
to the same extent as the human intestine, but to a sufficient
and dangerous degree. In the bowel there is not only much
more epithelium, but there is always the requisite tempera-
ture. It is doubtful whether, in temperate climates, water
and soil are in winter warm enough to favour reproduction
of the poison, though summer heat quite suffices. It is

. probably chiefly for this reason that cholera tends to spres(3
: so much more rapidly in warm weather than it does in cold.
Cholera may also be conveyed by fomites. The rice-water
. stools contain not only intestinal epithelium but also the
l cholera poison, and both in great abundance-hence the
t danger of the disease being spread by clothes soiled by
) cholera discharges. The dried particles of cholera poison
, and of intestinal epithelium containing the poison in them
; may readily be scattered about in the atmosphere and find
, their way into drinking-water or articles of food, producing
- cholera in those who swallow them. That drinking-water is
Lthe chief vehicle by which the cholera poison gains entrance
t to the system, that the disease never travels more rapidly
} than man does, that it travels by the same routes that he
travels, and that it affects only those places where drinking-
r water is tainted with sewage impurities are four proposi.
3 tions whose accuracy has been proved up to the hilt. The
) magnitude of the danger of drinking sewage-tainted water
9 its twofold-firstly, the cholera poison is almost certainly
3 reproduced in such water, at least in summer ; secondly,
- so taken into the system it is brought quickly and in con
ssiderable quantity into direct contact with the epithelium
3 of the gastro-intestinal tract, the nidus in which it specially
3 grows and on which its action is specially manifested.
1 On this view of the pathogenesis of cholera it is not difficult to-
-explain the occurrence of diarrhoea and rice-water stools. Acute-
t and rapid destruction of the intestinal epithelium could not.
t fail to be accompanied by diarrhoea, for the local irritation
s necessarily attendant on such a process would cause free dis-
f charge from the mucous surface of the bowel, whilst the
e denuding of that surface of its epithelial lining would, by
0. depriving it of its protective coating, increase its susceptibility
n and facilitate the flow of fluid from its surface. In addition
nto all this there is the great attraction of the cholera poison for
3 water. The tremendous rapidity with which that poison is
n reproduced must lead to a rush of water to the seat of its
y reproduction-the epithelial surface of the bowel. There
,s would thus be as the result of such a process, firstly, acute
e and free desquamation of the epithelial lining of the bowel,
y and, secondly, afree watery discharge from its extensivemucoas
e surface. It is of these two ingredients that the rice-water stools
e of cholera are composed. They consist of intestinal epithelium
L- suspended in a watery fluid. Such stools are characteristic of
d cholera. But shedding of the intestinal epithelium, though the
,e most striking lesion of cholera and the most prominent of the
is local effects of the cholera poison, is not the only one. Wherever
lC epithelium exists it is apt to be shed in cholera. Not only
;s the epithelium of the human intestine, but human epithelium
ta in general, seems to be a suitable nidus for the vivification

and reproduction of the cholera poison, and no epithelium
-y can be said to be free from its destructive action. So
ie abundant is the epithelium of the gastro-intestinal tract,
my y so rich a field does it offer for the reproduction and
is growth of the cholera poison and so marked are the
s. symptoms produced there that any action which the poison
,i- has on other epithelium is apt to be lost sight of. But
]e a careful examination of the phenomena observed in the
of post-mortem room shows that no epithelium possesses im-
by munity from such destructive shedding as that which is so
ts prominently noted in the intestine. " The epithelium of the
,ye nasal passages and mouth will be found almost completely
m destroyed. " " The epithelium of the pharynx and oesophagus
ra is shed in large patches." "Similar changes in the cells.
or lining the stomach are observed." "We find the urinsry
ae tracts from the calyces of the kidneys to the extremity of the
tis urethra lined with a layer of creamlike matter, consisting of
in detached and altered epithelial cells in combination with a
o- sero-mucous fluid." " Similar changes in the cells lining the
ns alveolar portion of the lungs are always to be seen and are
he often very extensive." "The epithelium of the pleurae, the
)le abdominal cavity and choroidal plexus is involved to a greater
m or less extent." 1 "Although the intestinal tract is the
be principal seat of the morbid actions, they are not limited to
ce it. The kidneys are sometimes affected. In the female the
- e. uterine organs were similarly affected. The liver is free from
ed disease except in some rare cases, where the lining membrane
to of the ducts and gall-bladder is the seat of the cholera process,
ot their contents being then of the rics-water character."’
nt Lebert, who paid special attention to the state of the kidney in
ch cholera, found, even in cases which proved fatal on the Rrsir
- a- day of the attack, that "the microscope revealed a remarkable

1 A Treatise on Cholera by C. Macnamara, 1870, pp. 339 et seq.
2 Gull: Report on Epidemic Cholera, p. 119.
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epithelial proliferation in the urinary canaliculi, with cloudy
swelling of the cells." When recovery takes place and the
kidneys again begin to act the urine is found to be only
slightly albuminous and to contain numerous large epithelial
casts and disintegrating epithelium. A very striking feature
noted in connexion with the kidney affection of cholera-one
by which it is distinguished from all allied renal troubles-is
the fact that it leaves behind no tendency to chronic renal
mischief. "A most remarkable circumstance, and one which
has never yet been explained, is the fact that the nephritis of
cholera almost never becomes chronic. "3 3 The explanation is
that it is not a true nephritis with which one has to deal.
The mistake which has been made is the very natural one of

regarding it as pathologically the same as the renal troubles
which arise in the course, or immediately in the wake, of the
specific fevers. It is a totally different condition. In these
the kidney structures proper are more or less irritated or even
inflamed and the whole wall of the tubules participates in
the process. In the cholera kidney the renal tissue is
not affected ; the mischief is confined to the epithelial
lining of the tubules and does not extend beyond this
into the walls of the tubules or the kidney structure.
The epithelium is shed : that is all ; but it is shed so freely
that the canaliculi may be blocked. When this cast-off

epithelium is got rid of, and its place taken by a new growth,
as it very speedily is, the kidney is restored to its natural
state. This shedding of the epithelium and blocking of the
tubules, be it remarked, has no share in causing the suppres-
sion of urine noted in cholera collapse (the causation of that
will be considered presently) ; rather does the suppression of
nrine favour the blocking of the tubules which the flow of
water would tend to keep clear. This general shedding of
the epithelium in cholera is a fact of some pathological
significance. It indicates two things : firstly, that the action
of the cholera poison is not limited to the bowel ; and,
becondly, that that poison gains access to and circulates in
the blood, for only thus could it reach the epithelium of
the kidneys, hepatic ducts, choroid plexus &c.

Cholera exists in varying degrees of severity. It may be
so mild as to be indistinguishable from an ordinary attack of
diarrhoea, or it may present the characteristic symptoms of
the disease in a well-marked form, or the attack may be so
very severe that the sufferer dies before there is time for the
full development of the bowel symptoms. In this respect
cholera is not different from other acute specific diseases.
Scarlet fever may be so slight that a diagnosis cannot be
made-the rash may not be sufficiently characteristic and
there may be no sore-throat; or there may be slight sore-
throat and no rash and the diagnosis be uncertain till the
cuticle peels; or the attack may be so severe and the

poison act with such virulence as to lead to the rapid deve-
lopment of typhoid symptoms, to collapse and to death
within twenty-four or forty-eight hours. Typhoid fever may
be so slight that the attack may last only ten or twelve
days, the bowel lesion terminating in resolution; or it may
be so severe as to lead to death in the second week, with
extensive sloughing of the intestinal glands. And so it is
with all the specific fevers. In all of them cases occur in
which diagnosis is difficult in consequence of the mildness of
the attack, and others in which death is brought about with
unusual rapidity. These varying degrees of severity are de-
pendent on three different agencies : firstly, the richness of the
nidus of the parasite-the richness, that is, of the field in which
the special poison finds the material requisite to its vivifica-
tion and reproduction; secondly, the seat of the nidus; and
thirdly, the quantity of poison received into the system. A
rich nidus must be more fruitful than a poor one. It is mainly
on the richness of the nidus that the amount of poison repro-
duced, and therefore the severity of the attack, depends. This
it is which constitutes what is called individual susceptibility.
A typical and characteristic case of any disease is one

which fairly represents the usual symptoms and course of the
majority of cases which occur. In the specific fevers cases
tending to death are the exception ; in cholera they are the
rule. The typical case of cholera is thus a much more serious
illness than the typical case of any of the other acute specific
diseases. Various agencies contribute to this result : firstly,
the cholera poison is generally taken into the system in larger
quantity than any other similar poison ; secondly, it is singu-
larly active in its growth ; thirdly, its nidus is a very rich
one. This nidus is the epithelial lining of the gastro-intes-
tinal tract, but chiefly that of the small bowel. Here every
cell is a nidus, and the whole surface is covered and coated

3 Lebert : Ziemssen’s Cyclop&aelig;dia of Medicine, vol. i., p. 247.

over with them, thickly packed together. Let this be contrasted
with the sparse distribution of the scattered glands which
constitute the nidus of the typhoid poison, and the tremendous
facilities afforded for the rapid growth and action of the
cholera poison will be apparent and a reason given why the
symptoms of cholera should be so quickly produced, why its
course should be so rapid, and why the tendency to death
should be one of its normal features.

Cholera collapse is not an affection of any one organ, but
of the whole system. The blood is materially altered, the
nervous system is profoundly involved, the circulatory system
is gravely affected, the respiratory system is seriously dis-
turbed, the functions of the liver and kidney are for a time
suspended, the muscles are affected by violent cramps, there
is a " tempestuous 

" diarrhoea with constant vomiting, tissue
metabolism is almost in abeyance, the temperature of the
body is subnormal, and the functions of organic life are all
but suspended. If reaction does not soon take place these
functions are altogether suspended and the sufferer dies.
No affection of any one organ could possibly give rise to all
these symptoms. To produce such general disturbance a
poison must act on the blood, on nerve centres, or on both, and
from what is known of the cholera poison it is p1’im&acirc; facie
probable that such should be its mode of action.
The ultimate cause of each and every one of the phenomena

noted in cholera is the cholera poison. This poison is a minute
organism which is very largely reproduced in the system
during an attack of cholera and whose morbific action is
intimately associated with its organic development. It has

already been pointed out that one of the most marked and
peculiar characteristics of cholera is its great fatality. That
means that during an attack of cholera the poison of the
disease is reproduced with unusual rapidity and in un-
usual quantity-unusual, that is, as compared with what
is observed in other acute specific diseases. All organisms
have a definite action on their environment. In such
organisms as those which constitute the poisons of the
specific fevers and of cholera this action consists in the con-
sumption of nitrogen and water. Their environment is the
blood and tissues of the body. In their growth and propa-
gation they therefore consume the nitrogen and water of the
blood and tissues and the quantity consumed is directly as
the amount of poison reproduced. In cholera the poison is
reproduced in unusual amount and with unusual rapidity and
the consumption of these elements is proportionately great.
Let the consumption of water be first considered. Amongst

the essential phenomena of the specific fevers are thirst, dry
skin and scanty urine. To assuage the thirst the sufferer
drinks an enormous quantity of water, and yet the quantity
eliminated is much less than in health. What becomes of it ?
It is not eliminated ; it is not retained in the system as
water ; it is not utilised in building up tissue, for the tissues
are rapidly wasting, and yet it disappears. The only possible
explanation of its disappearance is that it is consumed by the
millions of minute organisms which, it is known, are being
reproduced in the system and which are also known to
largely consume water in their growth. That is what takes
place in the specific fevers. But in cholera the consumption
is much greater and the results are correspondingly more
marked. Instead of simply competing with the tissues, as do
the poisons of the specific fevers, the cholera poison rides
rough-shod over them and with an energetic vigour all its
own appropriates to its own use all that it requires of the
water which it finds in the system. Supposing that in a case,
say, of typhoid fever one germ is received into the system,
that this germ gives rise to four others and that twenty-four
hours is the time requisite for this, there would be the follow-
ing result : First day, 1 germ ; second day, 4 germs ; third
day, 16 germs ; fourth day, 64 germs ; fifth day, 256 germs ;
sixth day, 1024 germs ; seventh day, 4096 germs ; eighth day,
16,384 germs ; ninth day, 65,536 germs ; tenth day, 262,144
germs ; eleventh day, 1,048,576 germs ; twelfth day, 4,194,304
germs ; thirteenth day, 16,777,216 germs ; fourteenth day,
67,108,864 germs. This is a reasonably probable demonstration
of what takes place in typhoid fever and in all the specific
fevers. The rate of reproduction of the poison is rapid
enough to produce serious disturbance. As water is one of
the main elements required both by the tissues in their meta-
bolism and by the poison in its growth, increased con-
sumption of water, with its consequent thirst, dry skin
and scanty urine, becomes an essential symptom of the
maladies to which these poisons give rise. The symptoms
and course of cholera leave no doubt that the rate of in-
crease of the poison is much more rapid than in the specific
fevers and the consequences are much more pronounced ;
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whilst its affinity for water is so marked as to be almost a 1

special characteristic. Supposing that twenty germs are taken I

into the system in a draught of water (no doubt many more
are often taken) ; supposing that each germ gives rise to four 1

others, and supposing six hours to be the time requisite for this
reproduction (a reasonable supposition), there would be the 4
following result : Beginning of first day, 20 ; end of first l

day, 5120 ; end of second day, 1,310,720; end of third day, ]

335,544,320. Thus in three days there would be produced
more than three hundred and tlliity-five and a half millions of
these organisms, every one actively consuming water in its
growth. What must be the result of this ? Clearly the con-
sumption by the cholera poison of a great part of the water in
the body. Just as the consumption of a moiety of the water
of the blood and tissues by the poisons of the specific fevers
explains the thirst, the dry skin and the scanty urine noted 1

in the course of these maladies, so the very much greater
consumption of water by the cholera poison may account for
the raging thirst, the suppression of urine, the viscid state
of the blood, the general arrest of functional activity, the I
cessation of metabolism, the consequent fall of temperature l
and the shrunken aspect of the sufferer. This demand for
water, too, probably helps to produce a rush of fluid to the
chief seat of the reproduction of the cholera poison, the 4
epithelial lining of the small intestine, and the consequent
free discharge of rice-water stools. This view finds support
in the fact that the injection of warm fluids into the veins, 1

though it produces for the time a marvellous amelioration in C
the symptoms of collapse, is accompanied by an increase in
the watery discharges from the bowels. ]

There can be no doubt that the consumption by a foreign I

organism of the water of the blood and tissues, if only suffi-
ciently active, would suffice to produce the phenomena of
cholera collapse, nor can there be any doubt that during the
course of cholera an organism having a marked affinity for
water is reproduced in the system in enormous quantity and
with great rapidity. For an explanation of the phenomena
of cholera it is not therefore necessary to go further than the 1

poison, which it is known is in active operation, and which it 1

is also known is directly or indirectly the ultimate cause of all
the symptoms noted in cholera. To a possible objection some
reference must be made. An analogy has been drawn between
the specific fevers and cholera, and the mode of action of the I

cholera poison has been illustrated by a reference to the mode
of action of the poisons of these fevers, especially re the
consumption of water. But, it may be said, if the cholera
poison acts like the poisons of the specific fevers, how comes
it that in these fevers the temperature of the body is raised,
whilst in cholera it is subnormal ? It happens thus. In the

specific fevers the amount of poison reproduced is sufficient
to disturb metabolism but not sufficient to arrest it ; and the
disturbance takes the form not of a diminution but of an
increase. Tissue metabolism consists of two distinct pro-
cesses : the taking up of new material and the giving off of
old. Both actions take place in and around the capillaries
and are contemporaneous. Whilst this action is going on, the
contagium particles which are circulating with the blood in
the specific fevers step in and appropriate to their own use
part of the nitrogen and water which were on the point of
being utilised by the tissues. The protoplasm of the tissues
and of the contagium is formed at the same time and from
the same materials. The moment at which the constructive
store albumen of the blood is undergoing the change which
normally results in the formation of organ albumen is that at
which its nitrogen and water are appropriated by the conta-
gium. The simultaneous action by which the worn-out organ
albumen is converted into retrogressive store albumen is equally
far advanced. The contagium steps in to deprive the tissues of
much of what they require and are in the act of appropriating.
No such agency intervenes to prevent the completion of the
contemporaneous and equally far advanced action which
results in the formation of retrogressive albumen and of
urea. That action therefore continues as usual, and thus is
brought about the physiological anomaly that a diminished
consumption of nitrogen by the tissues is accompanied by an
increased elimination of nitrogen by the kidneys, the increase
being accounted for by the increased rapidity of the circula-
tion. All this means increased tissue metabolism. Heat is
a product of such metabolism ; by causing increased meta-
bolism the poisons of the specific fevers cause also a rise of
the temperature of the body.4 4 But it is evident that if any

4 The metabolic theory of fever here referred to will be found fully
explained in my work, "The Germ Theory of Disease," published by
Messrs. Macmillan in 1876, and also in my treatise, " Fever, a Clinical
Study," published by Messrs. Churchill.

poison were capable of acting with such tremendous force
and rapidity that it took not only a part but the whole of the
nitrogen and water which were destined for the repair of the
tissues such a poison would arrest metabolism more or less
completely, and in so doing it would lessen to a corresponding
extent the production of heat. It is thus that the cholera
poison acts. With this diminished production of heat there
is no diminution of elimination ; for the action of the poison
on the epithelial surface of the skin causes an increased flow
of fluid to it and consequent increased elimination of heat.
Increased elimination and decreased production necessarily
cause a fall of temperature.

Attention must be drawn to yet another point of differ.
ence between the poisons of the specific fevers and that of
cholera. In the specific fevers the nidus of the poison, and
therefore the chief seat of its reproduction, is in the structure
of one or more of the tissues-inside them as it were: in
cholera it is on the epithelial surface outside the tissues,
hence its most prominent symptom, profuse diarrhoea. Such a
general consumption of water on the epithelial surfaces as takes
place in cholera would effectually draw away the water from,
and so tend to prevent the metabolic changes in, the tissues,
whilst a similar consumption of water in the minute structure
of the tissues would tend to cause increased consumption of
water and increased tissue metabolism. In other words, the
increased demand for water in cholera takes place outside
the tissues ; it therefore draws water away from them, so

diminishing or arresting metabolism ; whilst in the specific
fevers it takes place in the structure of the tissues, so causing
increased activity of the changes which normally take place
there.
The wonderfully restorative action following the injection of

warm water into the veins in cholera collapse shows how much
the symptoms of that condition are due to the want of water
in the blood and tissues. The transitory nature of the improve-
ment thus brought about shows how rapidly the water thus
injected is used up. The injection of the water supplies what
the blood and tissues so much need; but it also supplies what
the cholera poison so urgently demands and so quickly appro-
priates. In connexion with this it is to be noted that these
intravenous injections, though they remove for the time
the symptoms of collapse, cause an increase in the bowel
discharges.

Sir George Johnson believes, and supports the view with
his wonted ability, that contraction of the minute arteries,
especially the pulmonary, is the cause of cholera collapse.
That such contraction exists is most probable, but it is as a
result, not as a cause ; it is only part of the general cessation
of functional activity consequent on the consumption of the
water of the blood and tissues. The minute arteries are con-
tracted because they are no longer stimulated to dilate; for
it must be borne in mind that the state of activity of a
minute artery is not contraction, but alternating contraction
and dilatation, the dilatation being of the two the condition
of greater activity.
One word on treatment. On this nothing that is satis.

factory can be said. Under all methods of treatment mild
cases seem to recover and severe ones to die. Two objects
have to be aimed at in treating cholera : one is to check
diarrhoea, the other is to prevent the partial arrest of meta.
bolism which constitutes collapse from passing into the com.
plete arrest of metabolism which constitutes death. The
bowel lesion of cholera is peculiar ; it may for practical pur-
poses be described as an acute specific desquamative enteritis.
Ordinary astringents are not of much service in such a con-
dition. The per-salts of iron-persulphate, perchloride and per.
nitrate-given in full and frequent doses, are more likely than
any other remedies to have a destructive action on the cholera
poison and a healing action on the bowel lesion. The difficulty
is their administration. Urgent sickness is so common a symptom
in cases most calling for treatment that no remedy is retained.
In the collapse stage medication by the mouth is of no avail.
The injection into the veins of warm fluids is the only treat.
ment which has ever really done good. Its effects are often
marvellous, but unfortunately they are not lasting. If collapse
essentially consists in arrest of metabolism consequent on the
consumption by the cholera poison of the water of the blood
and tissues, to supply that which is lacking is the rational
line of treatment. This can be done only by intravenous in-
j ections. It is possible that the want of success which has
hitherto attended this treatment may be partly due to faulty
method, founded on a mistaken idea as to its mode of action.
In treating the collapse stage of cholera, as in treating the
advanced stage of the specific fevers, it must be borne in
mind that the object which is desired is not the arrest of the
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morbid process, but the keeping the patient alive till the dis-
ease has run its course. In advanced stages of fever this is
done by giving beef-tea, milk, water, and if need be stimu-
lants. In cholera one cannot give anything by the

mouth, but by intravenous injections one may be able
to keep tissue metabolism from coming to a stop and
so tide the patient through an illness which would
otherwise be fatal. The best solution for the purpose
would be a warm alkaline fluid containing some defibrinated
blood albumen. It should be given in quantity sufficient only
To keep the patient going, care being taken not to give
enough to lead to an increase of the diarrhoea. Nothing can
prevent the cholera poison as well as the tissues from benefit-
ing by the injections. The aim should be to keep the tissues
going, trusting to be able to do so till the disease has run its
course, till its poison ceases to be reproduced and till sickness
and diarrhoea abate. The difficulty of treating cholera only
brings into greater prominence what is, after all, the most
important fact in the whole history of the disease-it is quite
preventable. Out of the human body the cholera poison lives
and grows in sewage-tainted water. Were water never so
tainted, or were such water never used, cholera would never
spread to Europe.
Cadogan-place, Belgrave-square, S.W.

MYXO-CHONDROMA OF LARYNX OF
THREE AND THREE-QUARTERS

YEARS’ DURATION:
PARTIAL EXCISION OF LARYNX; RECOVERY.

BY J. W. BOND, M.D., B.S. LOND.
PHYSICIAN TO THE HOSPITAL FOR DISEASES OF THE THROAT,

GOLDEN-SQUARE.

A MAN aged forty-four years began to suffer from hoarse-
ness on Jan. 5th, 1889. He was temperate, had not pre-
viously had throat trouble, had not had syphilis and was
a slight smoker. When I first saw him, on Jan. 26th, he
complained of hoarseness and of a little pain when drinking.
On examination I found slight granular pharyngitis and
abductor paresis of the right cord, the glottis going back-
wards and to the left. No cause could be assigned for the
paresis, for which iodide of potassium was ordered. He was

then not seen for a year and a half. On Aug. 20th, 1891, the
patient reappeared. He complained of shortness of breath,
especially on exertion. For four days his inspiration had been
stertorous and his voice very hoarse. Laryngoscopically a
growth coming from below the glottis was to be seen covering
the posterior part of the left cord. The right cord was
motionless, the front of the left cord could be seen to abduct or
adduct, and the brim of the larynx was deformed, the right
arytenoid region being swollen and pressed somewhat forwards 

i

and inwards. Externally and posteriorly to the right aryte-
noid fold there seemed to be some swelling and the mucous
membrane was oedematous. A week later the lower and
posterior part of the right thyroid plate was felt externally to
be prominent and hard, being displaced by the tumour. A
piece of the growth, removed with forceps, on section was
found to be myxo-chondromatous in structure. The growth
was so hard that it was difficult to remove a piece. In
September of the same year the patient saw Dr. Macdonald
in consultation with myself, and a radical operation was re-
commended. By other consultants tracheotomy and thyro-
tomy were respectively recommended. In October all was
arranged for an exploratory operation, to end in partial or
complete excision of the larynx, whichever should be found
most advisable. The patient, however, at the last moment
decided that he would not undergo the operation. In

February, 1892, it was arranged that he should come up to
town to have tracheotomy performed. He had, however, such
dangerous dyspnoea that I went down to him, and with the help
of Mr. Hugill of Balham performed tracheotomy without
chloroform, a laryngotomy being found impracticable on
account of the growth filling np the space behind the crico-
thyroid membrane. For some time after this the patient went
on comfortably, breathing easily, but speaking in a hoarse
whisper when the tracheotomy tube was blocked with the

finger. The swelling externally about the right plate of
the thyroid became larger and harder, whilst internally
the swelling behind and external to the right arytenoid
got larger, displacing the arytenoid, so that the tumour

FiG. 1.1 1

LARYNGOSCOPI&Ccedil; VIEWS.
A.-a, Growth from cricoid projecting from below left cord.

b, Growth pushing arytenoid region forwards and inwards.
Aug. 13th, 1891.

B.-Complete occlusion of larynx, due : (1) to growth in
cavity of larynx, (2) to paresis of cords, (3) to displace-
ment of brim of larynx by mass A. Sept. 16th, 1892.

C.-I, Approximation of folds during respiration through tube.
I 

2, Showing separation of folds during phonation. April, 1893.

at the posterior part of the left cord could not be seen.

On Sept. lst the patient was decidedly worse and the
swelling externally about the right thyroid plate was larger ;
he was really voiceless, no air seeming to come past the

FIG. 2.

CRICOID CARTILAGE WITH GROWTH, REMOVED SEPT. 30TH, 1892.
Anterior view of tumour after removal. Natural size. R A.
Right arytenoid cartilage. T, Upper cartilaginous part of
growth. M, Myxomatous portion of tumour. C C, Cricoid
cartilage.

tumour when the tracheotomy tube was blocked. The man
looked ill and worried and was rapidly losing flesh. He said
he could swallow fairly well. He was evidently going to the
bad and therefore consented to undergo an operation should

1 In Fig. 1 in the drawing marked A that part noted (a) should not be
made to look papillated. It should be rounder.


